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© Process for producing chopped strand of carbon fiber. 

© The present invention relates to a process for 
producing a carbon fiber chopped strand which com- 
prises preparing a pitch fiber from petroleum pitch or 
coal pitch, cutting the pitch fiber to a predetermined 
desired length, heating the cut pitch fiber at a high 
J 2 density accumulation in the atmosphere of an ox- 
m idative gas to infusibilize the cut pitch fiber, and then 
▼ <J> carbonizing and graphitizing the infusibilized fiber in 

g an inert atmosphere. According to the process of the 
invention, no fuzz are formed on the fiber and no 

CO uneven inf utilization takes place. Further, the pitch 

^ fiber chopped strand accumulation has a high bulk 
density and relieve exothermic excursion naturally, 

°and therefore neither combustion nor sticking takes 
place even in an oxidative atmosphere. Accordingly, 

LUthe production speed can be enhanced and the cost 
can be lowered to a great extent. 
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PROCESS FOR PRODUCING CHOPPED STRAND OF CARBON FIBER 



BACKGROUND OF THE INVENTION 
1 . FIELD OF THE INVENTION 

PAN type carbon fibers and pitch type carbon 
fibers are in use mainly in the fields of the materi- 
als relating to space aircrafts, lubricating parts, 
cement-reinforcing material, and the like. If the cost 
of carbon fiber can be reduced in the future by the 
improvement in the production technique of carbon 
fiber, an advance into automobile-related materials 
will also be expectable. 

It should be noted here that carbon filament or 
tow-like carbon fiber is cut into a certain length (for 
example, 1 to 25 mm) and the resulting chopped 
strand is put to use in most of the fields, except for 
the field of space aircraft-related materials. 

Taking notice of this point, the present inven- 
tion has been invented. Thus, the present invention 
relates to a process for easily producing an in- 
expensive carbon fiber chopped strand of high 
quality from pitch type carbon fiber difficult to 
handle which comprises cutting a pitch fiber to 
obtain a chopped strand just after spinning, fol- 
lowed by infusibilizing, carbonizing and graphitizing 
the chopped strand in a state of high density 
accumulation. 



2. BRIEF DESCRIPTION OF THE PRIOR ART 

Hitherto, carbon fiber chopped strands have 
been produced in the following manner: 



1 ) General-purpose grade 

An optically isotropic pitch is formed into a 
fiber by the use of a centrifugal spinning machine 
and the resulting fiber is formed into a tow either 
before infusibilization or after carbonization, after 
which the tow is cut. This type of chopped strand 
is used as cement-reinforcing material, electromag- 
netic shielding materials, etc. 



2) High-performance grade 



(a) PAN type 

A polyacrylonitriie type fiber is stretched in the 
step of infusibilization and then carbonized to ob- 
5 tain a high performance carbon fiber. Then it is cut 
into chopped carbon fiber having a length of about 
3 to 6 mm. This type of chopped strand is used in 
FRTP and the like. 



to 



(b) Mesophase pitch 



Optically anisotropic mesophase pitch is spun 
to obtain a pitch fiber, in the form of a continuous 

75 filament, it is infustbilized and carbonized to obtain 
a continuous carbon fiber of high performances. 
Subsequently, the fiber is cut into desired length. 

If, in the production of carbon fiber from pitch, 
infusibilization and carbonization are carried out in 

20 the state of continuous filament bundle according 
to the prior technics, a number of troubles men- 
tioned below arise and make it difficult to obtain a 
carbon fiber of high quality: 

a) When a wound pitch fiber is continuously 
25 unwound and infused and carbonized, fuzz arise, 

occuring the breakage of fiber in the process of 
unwinding. 

b) When a pitch fiber wound on bobbin is 
infused as it is, the extent of infusibilization can 

30 become uneven between the inner layers and the 
outer layers, particularly if the thickness of winding 
is great 

c) When a pitch fiber discharged from nozzle 
and fed with air sucker is "coir-wise accumulated 

35 in a basket and then subjected to infusibilization 
and carbonization, a breakage of fiber can take 
place due to the air sucker. 

The above-mentioned faults a) and c) are at- 
tributable to the extreme fragility of pitch fiber 

40 having as low a tensile strength as t kg/mm 2 or 
less. 

Further, when a continuous filament bundle of 
pitch fiber is infusibilized, an exothermic excursion 
has to be controlled for the purpose of preventing 

45 sticking. 

Today, this exothermic excursion is controlled 
either by carrying out the infusibilization while 
maintaining the accumulation density of pitch fiber 
bundle in the range not exceeding 0.05 g/cm 3 and 

so forcibly blowing air to prevent an exothermic excur- 
sion or by carrying out the infusibilization at an 
extremely low infusibilization rate. 
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All these existing means for preventing an ex- 
othermic excursion decrease the productivity of 
carbon fiber and greatly affect its cost. 



SUMMARY OF THE INVENTION 

The present invention relates to a process for 
producing a chopped strand of carbon fiber from 
petroleum pitch or coal pitch which comprises 
spinning the pitch to obtain a pitch fiber, cutting the 
pitch fiber to a certain desired length, heating the 
cut fiber in an atmosphere of oxidative gas in the 
state of high density accumulation to infusibilize 
the cut fiber, and then carbonizing and graphrtiztng 
the infusibilized fiber in an inert atmosphere. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention is based on knowledges 
that pitch type carbon fiber is used in the state of a 
chopped strand in many cases and that pitch type 
carbon fiber is different from PAN type carbon fiber 
in that it can give a high-performance carbon fiber 
without stretching process. According to the 
present invention, an appropriate sizing agent, for 
example, a low-boiling solvent such as water and 
methanol or a sizing agent containing a solid lubri- 
cant such as molybdenum disulfide, tungsten disul- 
fide, talc or graphite, is coated to pitch fiber just 
after the melt spinning process, bundling the fibers 
with a bundling roller, and then immediately cutting 
the bundle with a cutting apparatus into a length of 
1 to 50 mm, preferably 1 to 25 mm, to obtain a 
chopped strand. It is difficult to cut the bundle into 
a length shorter than 1 mm, and such a fiber length 
is too short to embody the desired reinforcing 
effect. When the length of the chopped strand is 
longer than 50 mm, the chopped strand is the 
same to a continuous fiber so that an increase in 
fiber length gives no increase in reinforcing effect. 
The chopped strand of high density accumulation 
thus obtained is subsequently infusibilized and car- 
bonized. 

Owing to this procedure, the fiber can be pre- 
vented from contacting with objects during the pe- 
riod of producing carbon fiber. Further, owing to 
the high bulk density of carbon fiber, the merit of 
high accumulation density can be embodied even if 
the thickness of accumulated layer is small. Fur- 
ther, the exothermic excursion can sufficiently be 
controlled only in natural state. Thus, all the above- 
mentioned problems arising at the time of in- 
fusibilizing the continuous fiber bundle can be 
solved. 



According to the invention, the isotropic pitch 
fiber bundle or mesophase pitch fiber bundle which 
has been melt-spun from a nozzle of 30 to 4,000 H 
is cut into a length of 1 to 25 mm to form chopped 
5 strands, and then the chopped strands are in- 
fusibilized in an oxidative atmosphere at an accu- 
mulation density of about 0.7 g/cm J or below. In 
case of isotropic fiber bundle, the infusibilization is 
carried out by elevating the temperature at a rate 

io of 1.5°C/minute till it reaches 320°C and thereafter 
maintaining this temperature for 0 to 15 minutes. In 
case of meshophase pitch fiber bundle, the in- 
fusibilization is carried out by elevating the tem- 
perature at a rate of 2 to 10°C/minute till it reaches 

75 350°C and thereafter maintaining this temperature 
for 0 to 15 minutes. Subsequently, the infusibilized 
fiber bundle is carbonized in an inert atmosphere 
by initially elevating the temperature at a rate of 5 
to 100°C/minute till it reaches 800 to 3 f 000°C and 

20 thereafter maintaining this temperature for a period 
of 30 minutes or less. From the carbonized 
chopped strand thus obtained, carbon fibers free 
from sticking and maintaining the form of strand 
can be obtained. 

25 If performances of the carbon fiber thus ob- 

tained are examined by the measurement of d002 
by X-ray analysis and the measurement of elec- 
trical resistance, it can be confirmed that the car- 
bonized product of chopped strand is equal to a 

30 carbonized product of long fiber bundle in its qual- 
ity. 

The process of the invention is different from 
the prior infusibilizing and carbonizing processes 
practised in the state of continuous filament bundle 
35 in that the process of the invention enables to 
achieve the carbon fiber without forming fuzz nor 
uneven infusibilization and to obtain a carbon fiber 
chopped strand of high quality because fragile 
pitch fiber is cut into strand just after spinning and 
40 bundling and thereafter its infusibilization and car- 
bonization are carried out 

Further, since a high bulk density can be given 
to the accumulation of pitch fiber chopped strand, 
thickness of the accumulation layer can be made 
45 lessened, which promotes ventilation of air and 
relieve exothermic excursion naturally and, as its 
result accumulation of heat and combustion or 
sticking in the oxidative atmosphere can be pre- 
vented. Further, since the accumulation has so high 
so a bulk density as about 0.7 g/cm* which is about 10 
times as high as the bulk density of continuous 
filament bundle in the prior infusibilization pro- 
cesses (0.05 g/cm 3 ), production speed can be ele- 
vated even if thickness of accumulation is some- 
55 what smaller than in prior processes. Further, cost 
of production can greatly be lowered because relief 
of exothermic excursion can be controlled naturally. 



5 



0 226 819 



Next, examples of the present invention will be 
mentioned. The examples presented herein are 
only for facilitating the understanding of the pro- 
cess of the invention and its effect and by no 
means for limiting the scope of the invention. 



Example 1. 

An isotropic pitch containing 58% by weight of 
benzene-insoluble fraction(BI) and containing no 
mesophase was formed into fiber with a spinning 
apparatus having a nozzle number of 1,000 to 
obtain a fiber having a fiber diameter of 13 u. After 
bundling the fiber with methanol, it was cut into a 
pitch fiber chopped strand having a length of 6 mm 
by means of a continuous cutting apparatus. At an 
accumulation density of 0.3 g/cm 3 , it was heated in 
the presence of air at a temperature-elevating rate 
of 1.5°C/minute till its temperature reached 320°C 
and thereafter maintained at this temperature for 5 
minutes to make progress the infusibilization, after 
which it was heated in an atmosphere of nitrogen 
at a temperature-elevating rate of 20°C/minute till 
its temperature reached 1.000°C and thereafter 
maintained at this temperature for 10 minutes to 
make progress the carbonization. 

When the carbon fiber chopped strand thus 
obtained was thrown into an aqueous solution of a 
non-ionic surfactant, it was completely dispersed 
and disintegrated into filaments to demonstrate its 
entire freeness from sticking. 



Example 2 

A mesophase pitch for spinning use containing 
35% by weight of quinoline-insoluble fraction (Ql) 
was formed into a fiber with a spinning apparatus 
having a nozzle number of 1 ,000 to obtain a pitch 
fiber having a fiber diameter of 13 jx. After bundling 
the pitch fiber with a 10% dispersion of molyb- 
denum disulfide, it was cut into strands having a 
length of 3 mm to obtain a pitch fiber chopped 
strand. At an accumulation density of 0.7 g/cm 3 . it 
was heated in the presence of air at a temperature- 
elevating rate of 5°C/minute till its temperature 
reached 350 °C and thereafter maintained at this 
temperature for 5 minutes to make progress the 
infusibilization, after which it was heated in an 
atmosphere of nitrogen at a temperature-elevating 
rate of 50 p C/minute till its temperature reached 
1,000°C and thereafter maintained at this tempera- 
ture for 10 minutes to make progress the car- 
bonization. 



The carbon fiber chopped strand thus obtained 
was entirely free from sticking. X-ray analysis re- 
vealed that the spacing between the carbon layers 
of d002 was 3.65 to 3.7A. Its electrical resistance 
5 was 2.35 * 10- 3 Q.cm. These values were just 
equal to those of a product which had been car- 
bonized in a state of continuous fiber bundle! 



70 Comparative Exampie 

A pitch fiber prepared from the same pitch as 
used in Exampie 2 was accumulated into a basket 
by means of air sucker at an accumulation density 

75 of 0.05 g/cm 3 . It was infused and carbonized in the 
state of continuous filament in the same manner as 
in Example 2, except that a forced air was carried 
out during the process of infusibilization. 

The carbon fiber thus obtained had many fine 

20 fuzz. Further, since the continuous filaments were 
not well-arranged, it was impossible to take out the 
fiber from the basket and wind it on a bobbin. 



2s Claims 

1. A process for producing a carbon fiber 
chopped strand by using a petroleum pitch or coal 

- pitch as starting material which comprises spinning 
30 the pitch to obtain a pitch fiber, cutting the pitch 
fiber into a predetermined desired length, heating 
the chopped fiber at a high density accumulation in 
the atmosphere of an oxidative gas to infusibilize 
the chopped fiber, and then carbonizing and 
35 graphitizing the infusibilized fiber in an inert at- 
mosphere. 

2. A process according to Claim 1, wherein the 
pitch fiber is cut into a length of 1 to 50 mm and 
preferably 1 to 25 mm. 

40 
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® Process for producing chopped strand of carbon fiber. 



© The present invention relates to a process for 
producing a carbon fiber chopped strand which com- 
prises preparing a pitch fiber from petroleum pitch or 
« coal pitch, cutting the pitch fiber to a predetermined 
^desired length, heating the cut pitch fiber at a high 
O) density accumulation in the atmosphere of an ox- 
r-idative gas to infusibilize the cut pitch fiber, and then 
TO carbonizing and graphitizing the infusibilized fiber in 
CO an inert atmosphere. According to the process of the 
CNI invention, no fuzz are formed on the fiber and no 
^■uneven infusibilization takes place. Further, the pitch 
O fiber chopped strand accumulation has a high bulk 
^density and relieve exothermic excursion naturally, 
Qjand therefore neither combustion nor sticking takes 
place even in an oxidative atmosphere. Accordingly, 
the production speed can be enhanced and the cost 



can be lowered to a great extent. 
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